NMR studies of DNA (R+)n.(Y-)n.(Y+)n triple helices in solution: imino and amino proton markers of T.A.T and C.G.C+ base-triple formation.
High-resolution exchangeable proton two-dimensional NMR spectra have been recorded on 11-mer DNA triple helices containing one oligopurine (R)n and two oligopyrimidine (Y)n strands at acidic pH and elevated temperatures. Our two-dimensional nuclear Overhauser effect studies have focused on an 11-mer triplex where the third oligopyrimidine strand is parallel to the oligopurine strand. The observed distance connectivities establish that the third oligopyrimidine strand resides in the major groove with the triplex stabilized through formation of T.A.T and C.G.C+ base triples. The T.A.T base triple can be monitored by imino protons of the thymidines involved in Watson-Crick (13.65-14.25 ppm) and Hoogsteen (12.9-13.55 ppm) pairing, as well as the amino protons of adenosine (7.4-7.7 ppm). The amino protons of the protonated (8.5-10.0 ppm) and unprotonated (6.5-8.3 ppm) cytidines in the C.G.C+ base triple provide distinct markers as do the imino protons of the guanosine (12.6-13.3 ppm) and the protonated cytidine (14.5-16.0 ppm). The upfield chemical shift of the adenosine H8 protons (7.1-7.3 ppm) establishes that the oligopurine strand adopts an A-helical base stacking conformation in the 11-mer triplex. These results demonstrate that oligonucleotide triple helices can be readily monitored by NMR at the individual base-triple level with distinct markers differentiating between Watson-Crick and Hoogsteen pairing. Excellent exchangeable proton spectra have also been recorded for (R+)n.(Y-)n.(Y+)n 7-mer triple helices with the shorter length permitting spectra to be recorded at ambient temperature.(ABSTRACT TRUNCATED AT 250 WORDS)